INTRODUCTION
Highly productive areas such as estuaries and coastal areas are among the most widely modified and threatened ecosystems, mainly due to urban development, industrialization and tourism (Clark, 2011; Walker et al., 2012) . As a result, complex mixtures of contaminants are continually released into these ecosystems, reducing water quality and placing severe restrictions on organisms. This can ultimately lead to a decline in natural resources (Cajaraville et al., 2000; Monserrat et al., 2007; Cravo et al., 2009) . Among these areas, the Gulf of Annaba is constantly threatened because of its proximity to port activities, urban and industrial discharges and active agricultural areas of eastern Algeria.
In recent years, a number of biomarkers have been introduced into environmental biomonitoring programs for the assessment of stress caused by pollution, particularly in aquatic organisms (Müller et al., 2000) . These biomarkers include (i) exposure biomarkers, which are (only) indicative of exposure to environmental stress, and (ii) effect biomarkers, which are indicative of both exposure and occurrence of adverse effects (Sanders, 1990) . The goal of biomarker-based programs is to set up early warning systems to detect environmental stresses before irreversible damage occurs. the biological responses that their toxicity generates must be measurable in the same way throughout the body of the animal. Finally, their very simple organization and their ability to regenerate after cuttings make them particularly suitable organisms for aquarium or experiments in situ (Abed, 2011) . Much work has concerned the responses of these organisms to metal accumulation in in their midst, but very few have studied the variations of biomarkers as biological tools in assessing the quality of the environment.
In this context of biomonitoring the water quality of the Gulf of Annaba, we were interested in the antioxidant system involving glutathione and the enzymes associated with its metabolism in the tissues of Sarcotragus spinosulus Schmidt, 1862 (Porifera Irciniidae) at two sites for their potential as biomarkers of exposure in aquatic ecotoxicology as demonstrated by many studies on other organisms.
MATERIAL AND METHODS
The study was conducted in the Gulf of Annaba, a coastal area between Cape Rosa (8°13"E -36°57" N ) to the east and Cape de Garde to the west (7°47"E -36°58"N). This sector is considered having a economic vocation (industrial activities, fishing and tourism).
The sampling area was delimited according to the following parameters: accessibility to the site, availability of biological material (sponges) and proximity to sources of pollution (domestic and industrial) . For this, we have chosen two stations, one located in periurban area, on the west side of the port of Annaba (station I: Alzon, geographical position: 36°54'57.54"N -07°46'13.29"E) and the other far from domestic and industrial pollution (station II: Cape de Garde, geographical position: 36°58'3.25"N -07°47'28.3"E) (Fig. 1) .
Samples of S. spinosulus, approximately 3 cm thick tissue and 10 individuals per station, were collected in free diving between 0 and 3 m during four seasons (2016/2017): autumn (October), winter (January), spring (April) and summer (August). The samples were transported in seawater immediately to the laboratory. All the manipulations concerning the assay of the different biomarkers studied during the grinding of the tissues of the sponge were carried out at 4 °C, in ice.
Contaminants usually appear in the environment as complex mixtures that can cause interactive effects on biota that can not be evaluated by chemical analysis alone. For this purpose, biomarkers offer an integrated assessment of exposure levels and effects of pollutants on wildlife. Several biomarkers are more specific for certain types of xenobiotics, and therefore the use of a biomarker battery associated with chemical analyses has been strongly recommended for inclusion in monitoring programs (OSPAR Commission, 2000; ICES, 2008) . Two biomarkers were selected in this study; Glutathione (GSH), tripeptide, capable of directly inactivating radical species by neutralizing them, abd Glutathione S transferase (GST), a phase II enzyme involved in the detoxification of organic xenobiotics (Habig et al., 1974; Lee et al., 1988) .
It is only in the last 20 years that sponges have been used as bioindicators for environmental risk assessment, as respond in a very sensitive manner (Müller et al., 2000) , and are able to filter every day a volume of water corresponding to several times their own body volume (Vogel, 1977) . Given their way of life, these organisms are natural candidates for participation in the development of quality grids. Several studies have already shown the potential of some representatives of this phylum to accumulate various xenobiotics or to express biological responses to anthropogenic disturbance. Unlike that of the upper metazoa, the tissue differentiation of sponges is poorly developed. These organisms do not have organs or real tissues.
As a result, the accumulation of xenobiotics and Figure 1 . The study area: Gulf of Annaba (Algeria).
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After milling one gram of sponge tissue, using an ultrasonic grinder, and homogenizing the tissues in the phosphate buffer (pH = 7.4, 0.1 M), the cell suspension was centrifuged At 14,000 rpm at 4 °C for 30 min, the obtained supernatant was aliquoted into eppendorf tubes and stored immediately at -24 °C for further analysis of the oxidative stress parameters.
The estimation of reduced glutathione (GSH) concentrations was carried out according to the method of Weckbecker & Cory (1988) , the results obtained were expressed in µmol/mg of protein. The protein content was determined according to the colorimetric method of Bradford (1976) . The activity of glutathione-S-transferase (GST) was measured according to the method of Habig et al. (1974) . The values obtained were expressed in µmol/min/mg of proteins.
The results were expressed as mean ± standard error (SD). The comparison of the average values between the stations and between seasons was carried out by Student's t-test. Seasonal effects and sampling sites were tested by a two-way analysis of variance (ANOVA). All statistical analyses were performed using the Minitab 16 software (version 16.1.1).
RESULTS
The concentration of glutathione in S. spinosulus tissues ranged from 0.168 to 0.683 µmol GSH/mg protein for Cape de Garde sponges with a peak recorded in winter and between 0.229 and 0.483 µmol GSH/mg protein for Alzon with a peak in summer (Fig. 2) . The statistical comparison between seasons shows that at the Cap de Garde the concentrations of GSH do not differ between spring and summer, while in Alzon it is similar in winter and summer. Significant differences were observed between the two stations and for the same season throughout the year (Table 1) . Figure 3 expresses GST activities, recorded in Sarcotragus spinosulus tissues where it was found that the maximum values recorded for the two stations are in autumn (0.283 µmol GST/min/mg protein for Cape de Garde and 0.325 µmol GST/min/mg protein for Alzon), while the minimum is observed in winter (0.124 µmol GST/min/mg protein for Cape de Garde and 0.162 µmol GST/min/mg protein for Alzon). ANOVA shows that there are no significant differences in GST activities between spring and summer for the two sites studied. The student's 't' test shows a very significant difference for the same season (fall and spring) and between the two sampling stations (Table 2) .
Seasonal variation of GST activity (µM/min/mg protein) in the tissue of Sarcotragus spinosulus was sampled in two sites of the Gulf of Annaba, Alzon and Cape de Garde (mean ± SD, n = 10).
DISCUSSION
A biomarker is a biological parameter and early tool for the effect of a contaminant on an organism (Mistretta & Charlier, 2013) . In some cases, pollutant-induced alterations to these biological parameters can lead to behavioral and biochemical changes (Kaiser, 2001) . In all the results, the effect of the seasons and the site of sampling is significantly highlighted with respect to the biomarkers of the oxidative stress of phase 1 and 2 of the detoxification system, determined at the tissue level of the sponge S. spinosulus. Many studies describe seasonal-related activity modifications for other antioxidant enzymes in marine bivalves Mytilus galloprovincialis Lamark, 1819 (Amiard et al., 2008) and freshwater bivalve Corbicula fluminea O.F. Müller, 1774 (Vidal, 2001 ). On the other hand, Livingstone (2010) observed that M. edulis Linnaeus, 1758 phase I detoxification enzymes are induced by seasonal parameters independent of the presence of contaminants in their living environment.
A highly significant (P <0.001) reduction in glutathione rate was observed in winter and autumn at the Alzon site compared to the Cape de Garde. Indeed, it is subject not only to urban discharges without prior treatment, but also to landfills influenced by natural factors such as currents and wadis (Khammar, 2008) . During these cold seasons, floods and showers cause an increase in the flow and consequently that of the turbulence of the medium following a resuspension of the fine materials, which can be at the origin of a metallic contamination. Most of these pollutants tend to accumulate in the food chain and especially at the level of sedentary organisms such as sponges. These sessile animals are very powerful active filterers, whose aquifer system gives them the ability to filter a volume of water equal to their own volume. Several studies have already shown the potential of some representatives of this phylum to accumulate various xenobiotics or to express biological responses to anthropogenic disturbance (Nakhlé, 2003) . The work of Belabed (2010) , Belabed & Soltani (2013) and Boutabia (2016) , reported metal pollution in the Gulf of Annaba, both in water and in sediment. These results confirm the work done by Amira et al. (2011) who reported a decrease in GSH levels in Donax trunculus Linnaeus, 1758 collected at Sidi Salem, a site not far from Alzon. Several studies confirm the results obtained and help to better explain the relationship between the decrease in GSH levels and the level of environmental contamination (Verlecar et al., 2008) .
In contrast to variations in GSH levels, GST activities show significant increases during all seasons at the anthropised site (Alzon), with a maximum noted in autumn. GST plays an important role in the detoxification of organisms (Cossu et al., 1997) , it can be induced by certain pollutants (Roméo et al., 2003; Regoli et al., 2004) . There are systems developed by living beings to metabolize xenobiotics that play a key role in the adaptation of living organisms to their chemical environment (Mansuy, 2013) .
Our results seem consistent with the work of Deviller et al. (2005) , who show in a biomonitoring study differences in GST activity with the season, with maximal activities in March-April, and the weakest in July-August. Alterations in the rate and/or activity of biotransformation enzymes are the most sensitive biomarkers of effect (Van der Oost et al., 2003) . These enzymes can be inhibited or activated by exposure to a xenobiotic that is highly reliable in molluscs (Cajaraville et al., 2000) . In comparison with the reference site, the seasonal increase in GST, obtained during our study, results in a strong activity of detoxification of sponges that would be related to their level of exposure to pollution, as well as probably tidal dynamics that could have a major influence on the quality and management of the pollutant load that transits through estuaries before being discharged into the sea. Similar results were obtained at Sidi Salem, with Donax trunculus (Abbes, 2003) , where a seasonal increase in GST was also reported depending on the season. Or, the work of Funes et al. (2006) , which shows an increase in GST activity following a metal pollution gradient depending on the season. Other factors may also be behind the induction of GST activities, such as temperature, pH, oxygen, as it may be related to the reproductive cycle of the animal (Chouahda, 2006) . Stimulation of GST activity was also found by Canesi et al. (2007) in Mytilus sp. exposed to wastewater. The same results on D. trunculus in the Gulf of Annaba have also been reported by several other authors (Amira et al., 2011; Soltani et al., 2012) . Thus, the increase in GST values would be due to oxidative stress where the activity of GST increases by catalyzing conjugation reactions between a peptide, glutathione and reactive molecules that resulted in detoxification of the body to allow their elimination (Chatterjee & Bhattacharya, 1984) .
CONCLUSIONS
In this preliminary study, sponge S. spinosulus in particular and sponges in general appear to be excellent bioindicator models that are very sensitive to environmental variations and that could be effective in the biomonitoring programs of environmental disturbance, associated with the exploitation of biomarkers of oxidative stress that can account for a wide spectrum of pollutants, whose previous work on sponges concerned only metallothioneines (metal stress proteins).
